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TECHNICAL AREA 

5 

The present invention concerns an industrial robot according to the delta concept with an arm 
system. The present invention also relates to an application of a telescopic shaft for an 
industrial robot according to the delta concept. The present invention also relates to a method 
for an industrial robot according to the delta concept with an arm system intended for rotation 
10 in space. 

THE PRIOR ART 

The use of industrial robots for flexible automation of processes within industry has become 

15 ever more common in order to replace time-consuming, monotonous and diflBcult tasks. One 
such task, for example, could be the sorting of chocolate pieces or similar objects from a 
conveyor belt to predetermined places in, for exan^le, cartons, where the objects move on a 
separate conveyor belt, at a certain speed. In general, the ability to handle small and fragile 
objects eflSciently with high precision and at high speed is in heavy demand for the 

20 automation of industrial processes. An industrial robot for this application, among other 
applications^ has been construcied according lo vvliai is knowri as the "delta concept". This 
type of robot, known as a "delta robot", can, for example, be placed into a frame construction 
over a conveyor belt, and has an arm system and a tool attached to it that is intended for 
rotation in space, that is, a rotation with three degrees of freedom along the x, y and z 

25 directions. The rotation of the robot arm described hereunder is intended to describe the 
performance of a rotational movement by the robot arm. The arm system normally conq^rises 
a base section and a movable plate and there between three arms formed from a number of 
jointed struts. The movable plate that is connected to the struts is moved parallel to the base 
plate, whereby the movable plate always has the same orientation and tilt as the base plate. 

30 This is important for the orientation of a gripping means that is connected to the movable 
plate. It is principally the struts that bear the load. A telescopic shaft, also known as a "fourth 
shaft", is arranged between the base section and the movable plate. The fiinction of this shaft 
is to work as a driving shaft from a motor in the base section to a tool connected to the 
movable plate. The rotation must have minimal play and it must be possible to carry out the 
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rotation in space, that is, the distance from the movable plate to the base of the robot, the base 
section, is variable. The linear motion may have a speed of up to 10 m/s. The number of pick- 
ups of objects can be 120 per minute, which is equivalent to two objects per second. 
Furthermore, this delta robot is usually equipped with a system that visually identifies the 
5 objects and only selects those that are perfect. 

One problem with this robot is that friction and play between component parts arise during 
rotational movements with the arm systenL At the same time as the telescopic shaft is to 
increase/decrease in length, it must also be able to transfer relatively large torques with high 

10 precision, at high speed/acceleration, independently of whether the objects that are to be 
picked up are placed on a conveyor belt, randomly or placed in determined positions. On 
known telescopic shafts for industrial robots according to the delta concept, an inner shaft is 
stored in an outer tube with an ordinary sliding bearing, in the form of, for example, "splines" 
or similar means. This gives play in the transfer of torque and it cannot cope with a higher 

1 5 torque than 0.5 Nm at moderate speeds. 

Industrial robots according to the deUa concept are used in, for example, the foodstuffs 
industry, medical science, and in other areas in which environmental and health controls are 
very strict. The requirements for cleanliness on all process equipment in these sensitive 
20 environments are high. One problem with the use of an ordinary telescopic shaft, that is, of 

displaceable, is that there are spaces that are difiScult to clean where dirt and bacterial can 
easily congregate. An ordinary telescopic shaft, comprising, among other things, bearings and 
bushes, is also sensitive for cleaning such as rinsing vsdth water. 

25 

An industrial robot according to the delta concept with an arm system is previously known 
through US-A-4,976,582, which robot comprises a telescopic shaft. This patent document 
generally describes one so-called "delta robot", which has an arm system and a tool connected 
to it that is intended for rotation in space, that is, a rotation with three degrees of freedom 
30 along the x, y and z directions. The arm system comprises a base section, a movable plate, and 
several jointed struts between the base section and the plate. 
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DESCRIPTION OF THE INVENTION 



The present invention aims to achieve a device for an industrial robot, which device allows 
cleaning with water, is simpler to clean than conventional constructions and has minimal 

5 spaces in which dirt and bacteria can congregate. A further aim of the invention is to allow 
play-free displaceable torque transfering motions with low friction for a telescopic arm on 
such a robot. One aim of the present invention is thus to be able to carry out with an arm 
system for an industrial robot a rotational movement that is free of play in space, with 
minimal friction and with maximal stifl&iess. The rotational movement is to be possible at 

10 high speeds and accelerations, and with relatively large torques. 

The solution is achieved with an industrial robot having the characteristics given in claim 1. 
To be more precise, the present invention concerns according to claim 1 an industrial robot 
according to the delta concept with an arm system intended for rotation in space, which arm 

15 system comprises a base section, a movable plate, several jointed struts and a telescopic shaft 
arranged between the base section and the movable plate. Opposite ends of the struts and the 
telescopic shaft are connected to the base section and the movable plate, respectively. The 
telescopic shaft comprises a first telescopic arm and a second telescopic arm, which arms are 
arranged longitudinally displaceable relative to each other. The first telescopic arm comprises 

20 at least two rods, one inner holder to which the inner ends of the rods are fixed attached, and 

^ 1-^1 J *^ ♦u^ ^^A,^ *x-r*U^* ^r^Aty 4^ve%A rx-ttctf^Vit^A TVif^ cf^nnTkA tplf»Gr»nnir» 

arm comprises at least two rods, one inner holder to which the inner ends of the rods are fixed 
attached, and one outer holder, to which the outer ends of the rods are fixed attached. The 
inner holder of the first telescopic arm comprises slots in which the rods of the second 
25 telescopic arm run. The inner holder of the second telescopic arm comprises slots in which the 
rods of the first telescopic arm run. 

One advantage of the present invention is that it can be easily and rapidly cleaned 
independently of its position (rinsed with water), since the telescopic arm comprises easily 
30 accessible spaces and components that are not damaged by cleaning. At the same time, a very 
torsionally stiff construction is achieved, in which a telescopic shaft with play-free parallel 
movement that transfers torque and has low friction is obtained. The construction copes with 
high torques, greater than 1 Nm, and linear speeds up to 10 m/s. A fiirther advantage is that 
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friction and play are minimised, whereby the robot can carry out rotational movements at high 
speed and with high precision. 

The telescopic shaft is arranged to carry out a rotational movement. The rods are arranged 
5 eccentrically, and they are displaced parallel at the telescopic arms relative to the rotation axis 
of the telescopic shaft, which means that the load on bearings is lower than that in an ordinary 
telescopic arm (in which an outer tube is stored in an inner shaft that is longitudinally 
displaceable within the outer tube). The reduced load according to the present invention 
depends on the transfer of the forces out to the eccentrically arranged rods, compared to an 
10 ordinary telescopic shaft in which the forces act centrally around the rotation axis. 

Each telescopic arm comprises are least two parallel rods. Each rod is fixed arranged at its end 
sections to holders. It is appropriate if the holders, which can also be termed "plates", or 
similar, are disk-shaped. Thus, the holders can have a circular, elliptical, square or an irregular 

15 shape. The thickness of the holders in an axial direction, that is, parallel to the direction of 
extension of the telescopic shaft, can be considerably less than the averse diameter of the 
holder (in the radial direction). However, the holders must have sufBcient thickness and 
stiflfiiess in order to ensure that the rods are attached to the holders in a manner that is rigid 
with respect to bending. According to one embodiment, however, the inner holders, in 

20 particular, can have a significant extension in length, whereby they form a sleeve-shaped 
body. The outer holders on each leiescopic arm constituLc Lhc icsipeciivc ends of the telescopic 
shaft, and the ends are fixed arranged to the base section and to the movable plate of the 
robot, respectively. The inner holder of the first telescopic arm and the inner holder of the 
second telescopic arm con:q)rise through slots, which can also be termed "holes", ^through 

25 penetrations", or similar, that are arranged for the most part parallel to the direction of 
extension of the telescopic shaft. On each disk-shaped surftice of the holders, the slots open 
out into an opening. In slots in the inner holder of one of the telescopic arms is a rod from the 
other telescopic arm arranged in a displaceable way, and vice versa. Thus, the rods of the first 
telescopic arm are arranged moveable relative to the rods of the second telescopic arm m 

30 these slots in the inner holder. In this way, the inner holder of one of the telescopic arms will 
glide along the rods of the second telescopic arm, and vice versa, during compression or 
extension of the telescopic shaft. 
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According to one preferred embodiment of the present invention, at least one bush is arranged 
in each slot in the holder of the first telescopic arm, which can also be termed as a "linear 
glide-bearing bush" or just "bearing", in which respective slot the rods of the second 
telescopic arm are displaceably stored. A bush is arranged in an equivalent manner in each 

5 slot of the holder of the second telescopic arm, in which respective slot the rods of the first 
telescopic arm are displaceably stored. The bush may be formed fi"om any fi-eely chosen 
material, but it is appropriate if it is formed firom a plastic material, which gives minimal 
fiiction. It is appropriate if the bush is designed in the form of a sleeve or similar, and makes 
contact with the wall surfaces of the slot. A bush may be fixed or movably arranged in the 

10 slots. If the bush is movably arranged in the slots, this means that it is allowed to turn radially 
in a slot. It is appropriate if the extent in length of the bush essentially agrees with the extent 
in length of a slot through the holder. On the other hand, several bushes can be arranged in 
one slot, for example a bush can be arranged firom each side of a slot in the holder. 



15 The slots, including the bushes that are arranged in them, have a diameter that is only 
insignificantly larger than the rod that is passed through the slot, such that minimal fiiction 
and play arise when the rod is pushed backwards and forwards in the slot. Since the holders 
have a relatively small thickness, the pathway of the passage of the slot through the inner 
holders is short. This means that there are small contact surfaces between the rods and the 

20 slots, particularly in relationship to the edges of the slots. In the case in which the holders are 
anH have a sjfynificantlv loneer extent in leneth, the pathway for the passage of 
the slot though the inner holders will be longer. In this case, the stretch over which the bushes 
operate will be longer. 

25 The parts of the telescopic shaft, the first telescopic arm and the second telescopic arm 
together with the rods that comprise them can, through the present invention, move essentially 
parallel relative to each other. The telescopic arm are prevented fi-om rocking and exerting a 
breaking [buckling?] force on the bush. 

30 The number of rods for each telescopic arm may vary, but it must be at least two in order to 
give sufficient torsional stifi&iess and symmetry. According to one preferred embodiment, 
each telescopic arm comprises three rods, which gives a very high torsional stiffiiess. The 
telescopic arms may also comprise more than three rods. The rods specified hereunder for the 
telescopic arms may also be termed, for example, "struts", *tubes", or similar. Each rod may 
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have a varying cross-section, for example, square, elliptical or circular. The rods may be tube- 
shaped and in this way include a central cavity. The cross-section of the rods is preferably 
circular, which minimises the risk of the "chest of drawers" eflFect, that is, the rods are held 
fixed or bind when obliquely placed during passage through the slots. Each rod has a diameter 
that is significantly smaller than the diameter of the telescopic shaft. 

The present invention also includes a method for an industrial robot according to the delta 
concept with an arm system intended for rotation in space, whereby a base section and a 
movable plate are arranged in the arm system. Several jointed struts and a telescopic shaft are 
arranged between the base section and the movable plate. The opposite ends of the struts and 
the telescopic shaft are connected to the base section and the movable plate, respectively. The 
telescopic shaft comprises a first telescopic arm and a second telescopic arm that are arranged 
to be displaced in a longitudinal direction relative to each other. The first telescopic arm is 
arranged to comprise at least two rods, one inner holder, to which the inner ends of the rods 
are fixed attached, and an outer holder to which the outer ends of the rods are fixed attached. 
The second telescopic arm is arranged to comprise at least two rods, an inner holder, to which 
the inner ends of the rods are fixed attached, and an outer holder, to which the outer ends of 
the rods are fixed attached. The inner holder of the first telescopic arm is arranged to comprise 
slots, in which the rods of the second telescopic arm are arranged to run. The inner holder of 
the second telescopic arm is arranged to comprise slots, in which the rods of the first 
iclcscupic ni'iLi mc mTmigcu lu ruii. 

The present invention also includes an application of the said telescopic shaft, accordii^ to 
the above-mentioned device or method, within the foodstuffs industry or within medical 
science. 

The industrial robot that has been described, which may also he termed "manipulator" or 
"control device", is, according to the present invention, of a type intended to be able to carry 
loads of up to at least 1 kg. 

For a general description of an arm system for an industrial robot according to the delta 
concept, reference is made to US-A-4,976,582 (and in particular, column 2, lines 15-31; 
column 3, line 27 - colvmm 4, line 7). 
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DESCRIPTION OF DRAWINGS 

The invention will now be described in more detail in the form of a non-limiting embodiment 
according to the present invention, made visible with the aid of the attached drawings, where: 

Fig. 1 shows a perspective view of an industrial robot according to the delta concept. 

Fig. 2 shows a telescopic shaft for an industrial robot. 

Fig. 3 A illustrates in a partially sectioned perspective view -an alternative embodiment of a 
telescopic shaft. 

Fig. 3B illustrates the telescopic shaft in Fig 3A in a view directly from the side. 
Fig. 3C shows a cross-section through A- A of the telescopic shaft in Fig 3B. 
Fig. 3D illustrates in a perspective view the bush shown in Figs. 3 A and 3C. 

Fig. 1 shows an industrial robot according to the delta concept. The industrial robot is 
designed with an arm system 2 designed for rotation in space. Several jointed struts 8 are at 
one of their end parts attached to a movable plate 6. The jointed struts are at their opposite 
ends attached to a, generally denoted, base section 4 of the robot. A tool is to be arranged on 
the movable plate 6. The movable plate is allowed a movement in space with constant 
orientation and constant tilt. A fourth shaft, in the form of a telescopic shaft 10, is arranged 
between the base section and the movable plate, where opposhe ends of the telescopic shaft 
12, 14 (see Fig. 2) and of the struts 8 are connected to the base section and to the movable 
plate, respectively. The task of the telescopic shaft is to serve as a driving shaft from a motor 
in the robot structure to a tool arranged on the movable plate. The telescopic shaft is at one 
end stationary connected to the base section 4 and freely movable at the other end since it is 
connected to the movable plate 6. The complete telescopic shaft can swing forwards and 
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backwards at a very high speed. The rotation is carried out in space, that is* the distance from 
the movable plate 6 to the base of the robot, the base section 4, can be changed. 

A telescopic shaft 10 is shown in perspective view in Fig. 2, and comprises a first telescopic 
arm 16 and a second telescopic arm 18, which arms are arranged to be longitudinally 
displaceable relative to each other. Each telescopic arm 16, 18 comprises three rods, 20, 22 
that are fixed at their respective end parts to holders 24, 25, 26, 27. The first telescopic arm 16 
comprises an inner holder 24 and an outer holder 25 into which respective holders 24, 25 the 
rods 20, 21 are fixed. The second telescopic arm 18 comprises an inner holder 26 and an outer 
holder 27 into which respective holders 26, 27 the rods 22 are fixed 23. The inner holder 24 of 
the first telescopic arm 16 and the inner holder 26 of the second telescopic arm 18 comprise 
slots 30, in which the rods 20 of the first telescopic arm 16 and the rods 22 of the second 
telescopic arm 18 are displaceably arranged. A bush is arranged in each slot 30 in the inner 
holders 24, 26 of the telescopic arms. The more the telescopic shaft 10 is compressed, that is, 
the greater the distance is between the inner holders 24, 26, the greater is the stiflftiess 
exhibited by the telescopic shaft 10. An increase in distance between the inner holders 24, 26 
also means that the distance between the bushes on the inner holder 24 increases with respect 
to the bushes on the second inner holder 26. A torsional movement of, for example, the first 
telescopic arm 16, is transferred to the inner telescopic arm 18. The rods 20, 22 of the 
respective telescopic arm transfer a pressure at the edge of a hole in the slots 30 of the 
respective holder 24, 26 during torsional movement. 

Figs. 3A-3C illustrate an alternative embodiment of a telescopic shaft 40 (which mainly 
agrees with the telescopic shaft that is shown in Figs. 1 and 2). The telescopic shaft 40 
con^rises a first telescopic arm 46 and a second telescopic arm 48, which are arranged to be 
longitudinally displaceable relative to each other. Each telescopic arm 46, 48 comprises three 
rods, 50, 52 that are fixed at their respective end parts to holders 54, 55, 56, 57. The first 
telescopic arm 46 comprises an inner holder 54 and an outer holder 55 into which respective 
holders 54, 55 the rods 50, 51 are fixed arranged. The second telescopic arm 48 comprises an 
inner holder 56 and an outer holder 57 into which respective holders 56, 57 the rods 52, 53 are 
fixed arranged. The inner holder 54 of the first telescopic arm 46 and the inner holder 56 of 
the second telescopic arm 48 comprise slots 60. A bush 58 is arranged in each slot 60 in the 
inner holders 54, 56 of the telescopic arms, which bush fimctions as a linear sliding bearing 
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bush. The rods 50, 52 of the telescopic arms 46, 48 are displaceably stored in the respective 
slots 60. 



Fig. 3D shows the bush 58 according to Figs. 3A and 3C. The bush 58 comprises axially 
5 extended ribs 62 that have a central elevated part 64, a boss, ridge or similar, arranged radially 
and positioned on the outer surfece of the bush. This elevated part 64 is intended to be 
arranged in a track, formed in the inner walls of the slots 60 in the holders 54, 56, whereby the 
bush remains in the slots, movable or fixed arranged, despite load and fiiction fi-om the rods 
50, 52 that pass through. A central wall 66 is arranged between two parallel ribs 62, which 
10 holds the ribs together to form a sleeve or similar. It is appropriate if the bush lacks a central 
wall at one section around its perimeter, whereby two of the ribs are not connected and can 
thus be opened. Thus the sheath has an open section 68, such that it easily can.be con:q)ressed 
somewhat, and drawn out fi-om a slot without any extensive disassembly of the holder or the 
telescopic arm. 



15 
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CLAIMS 



1. An industrial robot according to the delta concept with an arm system (2) 
intended for rotation in space that comprises a base section (4), a movable plate (6), several 

5 jointed struts (8) and a telescopic shaft (10, 40) arranged between the base section and the 
movable plate, in which opposite ends (12, 14) of the struts and the telescopic shaft are 
connected to the base section and to the movable plate, respectively, in which the telescopic 
shaft (10, 40) comprises a first telescopic arm (16, 46) and a second telescopic arm (18, 48) 
that are arranged longitudinally displaceable relative to each other, characterised in that the 
10 first telescopic arm (16, 46) comprises at least two rods (20, 50), an inner holder (24, 54), to 
which the inner ends of the rods are fixed attached, and an outer holder (25, 55) to which the 
outer ends of the rods are fixed attached, 

that the second telescopic arm (18, 48) comprises at least two rods (22, 52), an inner holder 
(26, 56) to which the inner ends of the rods are fixed attached, and an outer holder (27, 57) to 
1 5 which the outer ends of the rods are fixed attached, 

that the inner holder (24, 54) of the first telescopic arm (16, 46) comprises slots (30, 60) in 
which the rods of the second telescopic arm (18, 48) run, and 

that the inner holder (26, 56) of the second telescopic arm (18, 48) comprises slots (30, 60) in 
which the rods (20, 50) of the first telescopic arm (16, 46) run. 

20 

2. The industrial robot according to claim 1, characterised in xhai each teiescopic 
arm (16, 18; 46, 48) comprises three rods (20, 22; 50, 52). 



3. The mdustrial robot according to claim 1 or 2, characterised in that a bush (58) 
25 is arranged in each slot (30, 60) in the holders of the telescopic arms (24-27; 54-57) in which 

respective slot the rods (20, 22; 50, 52) of the telescopic arms are displaceably stored. 

4. The industrial robot according to claim 3, characterised in that the bush (58) 
comprises parallel ribs (62) that form a sleeve. 

30 

5. The industrial robot according to claim 3 or 4, characterised in that the bush 
(58) is displaceably arranged in a slot (30, 60). 
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6. The industrial robot according to any one of claims 3-5. characterised in that 
the bush (58) has one open section (68). 

7. The industrial robot according to any of the preceding claims, characterised in 
5 that the rods (20, 22; 50, 52) have a circular cross-section. 

8. The industrial robot according to any of the preceding claims, characterised in 
that the rods are arranged to be displaced in a direction mainly parallel to each other, 

10 9. A method for an industrial robot according to the delta concept with an arm 

system (2) intended for rotation in space, whereby a base section (4) and a movable plate (6) 
are arranged in the arm system, in which several jointed struts (8) and a telescopic shaft (10, 
40) are arranged between the base section and the movable plate, m which opposite ends of 
the struts (8) and the telescopic shaft (10, 40) are connected to the base section and to the 

15 movable plate, respectively, and in which the telescopic shaft (10, 40) comprises a first 
telescopic arm (16, 46) and a second telescopic arm (18, 48) that are arranged to be displaced 
in the longitudinal direction relative to each other, characterised in that the first telescopic 
arm (16, 46) is arranged to comprise at least two rods (20, 50), an inner holder (24, 54), to 
which the inner ends of the rods are fixed attached, and an outer holder (25, 55) to which the 

20 outer ends of the rods are fixed attached, 

that the second telescopic arm (18, 48) is arranged to comprise are ieasi two rods (22, 52), an 
inner holder (26, 56) to which the inner ends of the rods are fixed attached, and an outer 
holder (27, 57) to which the outer ends of the rods are fixed attached, 

that the inner holder (24, 54) of the first telescopic arm (16, 46) is arranged to comprise slots 
25 (30, 60) in which the rods of the second telescopic arm (18, 48) are arranged to run, and 

that the inner holder (26, 56) of the second telescopic arm (18, 48) is arranged to con^rise 
slots (30, 60) in which the rods (20, 50) of the first telescopic arm (16, 46) are arranged to run. 



10. The application of a telescopic shaft (10, 40) according to the device in claims 1- 

30 8 or according to the method according to claim 9 within the foodstuffs industry or within 
medical science. 
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